Growth, survival and bone alterations in Piaractus mesopotamicus larvae under different rearing protocols.
RESUMO

O pacu (Piaractus mesopotamicus) é um peixe neotropical de água doce. É uma das espécies mais importantes cultivadas em áreas de bacias dos rios Paraná e Paraguay. Foi analisado o efeito da duração da larvicultura intensiva no crescimento, sobrevivência e incidência de malformações ósseas em pacu. Os tratamentos consistiram de uma larvicultura semiintensiva (L S ) em viveiros, larvicultura intensiva no laboratório até 60 dias de idade (L In ), ou misto, com 20 dias de larvicultura semiintensiva após 14 (L 1 ), 21 (L 2 ), 33 (L 3 ) e 40 (L 4 ) dias de larvicultura no laboratório. No final da experiência, as larvas do tratamento L S apresentaram maior crescimento, com valores de peso médios (2,28g) e comprimento total (CT-48,20mm) estatisticamente superior ao resto (P<0,05). Os tratamentos L 1 a L 4 apresentaram valores de crescimento intermediários, sem diferença estatística entre eles (P>0,05), enquanto L In apresentaram os menores valores de crescimento estimados (P<0,05). A sobrevivência foi estimada em torno de 75% em todos os grupos, com exceção do L S , o qual apresentou um valor mais baixo
 (17,5%, P<0,05 
INTRODUCTION
The pacu (Piaractus mesopotamicus) is a neotropical omnivorous freshwater fish. It is one of the most important species farmed in areas of the Parana and Paraguay Rivers basins with great economic importance (CAROLSFELD et al., 2004) . This fish is extensively used in aquaculture in Argentina, ranking second in production after trout (Oncorhynchus mykiss) (MINAGRI, 2013) . To support the productive development of this species, it is necessary to provide sufficient number of juveniles of high quality. In this sense, the supply of juveniles is considered to be one of the most difficult I Instituto de Ictiología del Nordeste, Facultad de Ciencias Veterinarias, Universidad Nacional del Nordeste (UNNE), Sargento Cabral, 2139, Corrientes (3400), Argentina. E-mail: dhernandez@vet.unne.edu.ar. * Corresponding author.
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phases of aquaculture (NRC, 1993) , and it depends on an optimal larviculture methodology (GARCÍA-ORTEGA et al., 2001 ). The semi-intensive system has been the most frequently method used in Brazil for pacu juvenile production (BOCK & PADOVANI, 2000) . However, in this system low production of juveniles is obtained, making difficult the planning of subsequent culture stages (JOMORI et al., 2003) . These authors proposed new technologies to improve reproductive performance of pacu in order to increase the survival rate after rearing larvae for a short period in laboratory conditions before being transferred to external ponds. However, in that study, as well as in other that evaluated growth and survival parameters in pacu larvae under different rearing systems or feeding modes, none of them reported the incidence of bone malformations under these regimes. In this sense, the intensification of production systems should not only consider the increased availability of juvenile but must also be focused on the production of high quality juveniles (GARCÍA-ORTEGA et al., 2001) .
Pacu females produce large quantities of viable eggs in a short period of time within the breeding season (DA SILVA et al., 1989) , which extends from October to March, coinciding with high water temperature and frequent rainfall (ROMAGOSA et al., 1990; BERNARDINO & LIMA, 1999) . However, when production extends southward, this period is often reduced to a pair of months. This strong reproductive seasonality determines the existence of periods where properlysized juveniles ready for rearing and fattening are not available, becoming one of the main obstacles to regional aquaculture development.
Taking into account the need to expand the supply of juveniles for a longer period of time, this study was conducted in order to determine whether a longer period of permanence on intensive system under laboratory conditions affect the growth, survival and incidence of skeletal malformations in pacu larvae.
MATERIALS AND METHODS
Location
The experiment was conducted in the experimental aquaculture facilities of the Northeast Institute of Ichthyology (INICNE), Faculty of Veterinary Science-UNNE, Corrientes, Argentina.
Experimental procedures
Larvae were obtained by controlled reproduction from one couple of P. mesopotamicus from the INICNE (Corrientes, Argentina). Spawning was artificially induced by injection of pituitary extract of Prochilodus lineatus, according to DA SILVA et al. (1988) . After hatching, larvae were kept in a 500 l tank with flow-through water (25°C) and forced aeration during four days until complete absorption of the yolk sac and beginning of exogenous feeding. At that time, 18 batches of 2000 larvae were randomly placed into six experimental groups (three replicates per treatment), which consisted of: semiintensive larviculture (L S ) in extern ponds; intensive larviculture (L In ) in laboratory conditions (both L S and L In until 60 days of life); or initial intensive larviculture until 14 (L 1 ), 21 (L 2 ), 33 (L 3 ) or 40 (L 4 ) days of life before being transferred to extern ponds in cages. Fish from L 1 , L 2 , L 3 and L 4 experimental groups were reared in suspended cages for 20 days after the transference moment ( Figure 1 ).
In L S , larvae were placed in three extern ponds ( 16m 2 ) at a density of 125 larvae m -2 . Ponds were fertilized with 300g m -2 of dry alfalfa (Medicago sativa) for plankton production one week before larvae transference. In laboratory, batches of larvae were placed in fifteen aquaria (100L capacity) at a density of 20 larvae L -1 , three of which were maintained until 60 days of life (L In ). The remaining twelve batches were transferred to extern ponds at set times for L 1 to L 4 treatments (see Figure 1 ). For each transference moment, three batches of 125 larvae were placed in 1 m 3 suspended cages in extern ponds for 20 days, at the same stocking density as used in L S . The experience lasted 60 days to L S , L In and L 4 , being Artemia nauplii the only food supply offered in laboratory, while dry diet (32% crude protein and 411kcal of crude energy 100g -1 ) was used to complement the natural food in ponds and cages. All groups were daily fed ad libitum at 8:00, 11:00, 14:00, 17:00 and 20:00h, throughout the experimental period. The water temperature and dissolved oxygen averages in extern ponds were 30.7±1.28ºC and 10.8±1.25mg L -1 , respectively, while in laboratory conditions were 28.5±0.35ºC and 6.5±0.85mg L -1 , respectively.
Registration data Growth parameters were obtained by sampling 90 fish per treatment (30 per replicate) as follow: i) all groups at the start (4 dah) of the experimental period: ii) for L S and L In treatments after 14, 21, 33, 40 and 60 dah; iii) and for L 1 to L 4 treatments, when transferring batches from laboratory to the cages and after 20 days of cage culture in ponds.
Weight (W), total length (TL), specific growth coefficient (SGC) and survival rate (S) were calculated as follows: W (g) = W t N -1 , where W t is the total weight (g) of the sample and N= number 
Skeletal anomalies
Thirty larvae per treatment (ten per replicate) were transparentized and stained using a modification of the TAYLOR & VAN DYKE (1985) technique for bone disorders observation. Specimens were stained with Alcian blue 8GX (0.02% in 70% alcohol and 30% glacial acetic acid) and macerated using a 3% aqueous solution of KOH (potassium hydroxide) until skeletal elements were clearly visible. Then were stained with Alizarin red S (stock solution: 1% Alizarin red in 1% KOH). Staining time was variable depending on the size of the specimen. At the end, specimens were preserved in pure glycerin. Images were obtained using a Kyowa optical binocular microscope equipped with a Sony SDZ digital camera. Anomalies incidence were evaluated over the vertebral axis (compression and fusion) and the caudal skeleton (deformed, absent, fused or supernumerary) according to BOGLIONE et al. (2001) .
Statistical analysis
The results of the experiment were analyzed using one-way analysis of variance (ANOVA), according to a completely randomized design with six treatments and three replications (n= 18). Duncan's multiple range test was used as a post hoc test to compare differences between means at P<0.05. The software used for data analysis was Statistica for Windows, version 6.0.
RESULTS
After 60 days of rearing, L S larvae presented highest growth parameters with average weight of 2.28±1.30g, differing statistically from L In (0.22±0.06g) and L 4 (0.43±0.10g) (P<0.05). The L 1 to L 4 treatments presented final weights ranging between 0.42±0.17 and 0.65±0.21g, without significant differences between treatments (P>0.05) (Figure 2A ). The analysis of SGC, considering the total duration of the rearing period to each group (60 days in L s , L In and L 4 , 34 in L 1 , 41 in L 2 and 53 in L 3 , respectively) showed significant differences between most of them (P<0.05) ( Figure 2B ). However, when analyzing the SGC in L 1 to L 4 treatments, considering only 20 days of semi-intensive culture in cages, there was no difference between treatments (P>0.05) ( Figure 2C ).
Survival rate in L S treatment was significantly lower (17.5%) than the estimated for the other treatments (P<0.05). The survival rate during the intensive larviculture was around 75%. Larvae that received an initial intensive larviculture, presented high survival rate after 20 days of cage culture in ponds, with values above 90%.
The number of vertebrae most commonly observed was 39 (4 corresponding to the Weber apparatus, 16 to the precaudal and 19 to the caudal vertebrae, including the last ones the vertebrae of the caudal skeleton). Fish from L S treatment presented a variation of 39-40 in vertebrae number, while for the other groups a variation of 38-39 vertebrae was observed. In both cases variations occurred only in the caudal region, and no significant differences were observed (P>0.05). In all experimental groups, different types of skeletal abnormalities were observed (vertebral fusions and compressions, bifid or duplicated neural and hemal spines and caudal skeleton deformities). These anomalies were more frequently found on the spine that in caudal skeleton, affecting 39.2 and 28.9% of evaluated fish, respectively. However, no significant differences between experimental groups were found (P>0.05). In L S treatment, vertebral compression was the most frequent bone alteration observed ( Figure 2E) , whereas in treatments which were subject to intensive larviculture for a certain period, alterations consisted mainly of bifid or duplicated neural and hemal spines ( Figure 2F ). In no case evident morphological alterations were observed ( Figure 2D ).
DISCUSSION
In the present study, highest weights were attained by fish placed directly in ponds at low density, when comparing with those maintained in laboratory. Similar results were reported by FONTES & SENHORINI (1994) in pacu larvae reared at low density under semi-intensive systems. According to JOMORI et al. (2003) , such results could be directly related to stocking density and the abundance of natural food in ponds; when fish density is low, the availability of live food increases.
The low growth observed in L In is in agreement with that reported by PINTO & CASTAGNOLLI (1984) . These authors observed that pacu larvae reared in laboratory at the same density as used in the current study, showed low growth within 30 days of life. However, although L In showed the lowest growing rate during the experimental period, it was observed that after a short period of rearing in ponds at low density (L 1 to L 4 treatments), fish rapidly increased in size, reaching levels similar to those observed in pacu reared for 30 days in semi-intensive systems (FONTES & SENHORINI, 1994) . This result could be indicating that growth potential was not affected by extending the laboratory culture period, pointing to a compensatory growth mechanism, such as reported in pacu (SOUZA et al., 2000) .
In intensive systems, larvae are reared at high densities in small tanks under controlled conditions (PAPANDROULAKIS et al., 2004) . Under this system, large numbers of juveniles are obtained with few broodstock. However, mortality is also high due to the lack of adaptation when transferring fishes from laboratory conditions to external ponds (BOCK & PADOVANI, 2000) . In contrast, extensive larviculture systems employ low stocking densities in large areas with natural food production, obtaining moderate to low survival rates (CHABALIN et al., 1989) , demanding many broodstock and a great quantity of available ponds to supply the commercial demand of juveniles at industrial level. This study found that maintaining pacu larvae under laboratory conditions improves subsequent survival of fish after being reared in ponds when compared to direct larviculture in ponds. Similar results were reported by JOMORI et al. (2003) noting that in pacu larvae, initial intensive larviculture is very efficient and the longer the time kept under this system, the higher the survival rate obtained in ponds.
Factors such as feeding, rearing systems and fish genetics are known to produce osteological alterations and variability in the meristic features in fish (LALL & LEWIS-MCCREA, 2007; CASTRO et al., 2008; ROO et al., 2010) . Different species of larvae reared under intensive larviculture system usually present higher rate of bone malformations (ROO et al., 2010) , when compared with extensive or semi-intensive systems (KOUMOUNDOUROS et al., 2001) . Recently, LOPES et al. (2014) reported a range of 39-41 vertebrae in pacu larvae obtained from six wild breeding couples and reared for 30 days under laboratory conditions. In this study it was observed a smaller range (38-40), and in fish reared under laboratory conditions (L in , L 1 , L 2 , L 3 and L 4 ) it was observed the absence of one vertebra (38-39) when compared to those reared in . ZOUITEN et al. (2011) reported that in Dicentrarchus labrax larvae reared in a semi-intensive system the absence of one vertebra was more frequently observed when comparing with those reared at high densities. HERNÁNDEZ et al. (2013) reported variations in the number of vertebrae in Rhamdia quelen larvae from different biotypes reared under laboratory conditions. Also, VILLENUEVE et al. (2006) observed a high incidence of supernumerary vertebrae in D. labrax larvae fed with excess of fatty acids in the diet. The high variability in meristic features found in farmed fish can be attributed to the interaction between genetic and environmental factors (BOGLIONE et al., 2001; KOUMOUNDOUROS et al., 2001 , HERNÁNDEZ et al., 2013 .
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reared for an extended period under laboratory conditions could be related to the slow growth of fish under this system, which in turn, could favor harmonious development of different organs and systems (KOUMOUNDOUROS et al., 1999) . This is in agreement with the results of LOPES et al. (2014) who reported absence of skeletal abnormalities on the vertebral axis in pacu larvae after 30 days of rearing under laboratory conditions. In contrast, the incidence of skeletal abnormalities observed on vertebral centrum in L S could be associated to a possible deficiency or imbalance of some nutrients in the feeding of specimens that have high growing potential under these systems. ZOUITEN et al. (2011) observed that D. labrax larvae reared under a semi-intensive system presented faster ossification patterns when compared to the same species reared under an intensive larviculture system. According to these authors, the osteological development process was affected when a rapid allometric growth exists, resulting in an asynchrony between muscular system and skeletal structures development. JOMORI et al. (2003) observed that the best moment for transferring pacu larvae from the laboratory into ponds is between 11 and 14 days of life. In the present study, pacu larvae reared under laboratory conditions for more than 30 days showed satisfactory growth potential and their subsequent morphological development was not affected. The results provide support for making use of the high fertility of pacu in order to extend juvenile supply by transferring batches of larvae to ponds for a few days according to the commercial demand. In conclusion, maintenance of pacu larvae under controlled condition improves the seasonal availability of high quality juveniles, as well as the survival parameters of fish.
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